Plant isoprenoids represent a large group of compounds with a wide range of physiological functions. In the cytosol, isoprenoids are synthesized via the classical acetate/mevalonate pathway. In this pathway, farnesyl diphosphate (FPP) occupies a central position, from which isoprene units are dispatched to the different classes of isoprenoids, with sterols as the major end products. T h e present work deals with effects of squalestatin (SQ) on the metabolism of FPP in proliferating and synchronized cultured tobacco cv. Bright Yellow-2 cells. SQ is a potent inhibitor of squalene synthase (SQS), the first committed enzyme in the sterol pathway. At nanomolar concentrations, SQ severely impaired cell growth and sterol biosynthesis, as attested by the rapid decrease in SQS activity. At the same time, it triggered a several-fold increase in both the enzymic activity and mRNA levels of 3-hydroxy-3-methylglutaryl CoA reductase. When S Q was added to cells synchronized by aphidicolin treatment, it was found to block the cell cycle at the end of G, phase, but no cell death was induced.
Introduction
Isoprenoids comprise a structurally diverse group of compounds with a wide range of physiological Key words: famesol, sterol, tobacco, ubiquinone. Abbreviations used: HMGR. 3-hydroxy-3-methylglutaryl CoA reductase; IPP, isopentenyl diphosphate; FPP, famesyl diphosphate; SQ. squalestatin; SQS. squalene synthase. 'To whom correspondence should be addressed (e-mail ma.hartmann (ulibrnp-u1p.u-strasbg.fr). functions, but all derive from isopentenyl diphosphate (IPP). In higher plants, two distinct pathways have been shown to concomitantly operate for isoprenoid biosynthesis [1, 2] . In plastids, IPP arises from the condensation of pyruvate with glyceraldehyde 3-phosphate and involves the formation of 2-C-methyl-~-erythritol 4-phosphate.
In the cytosol, IPP is formed via the classical acetate/mevalonate pathway, giving rise to a completely different set of compounds. T h e mevalonate synthesis is catalysed by the 3-hydroxy-3-methylglutaryl CoA reductase (HMGR). In this pathway, farnesyl diphosphate (FPP) is a key intermediate, from which isoprene units are diverted into a number of metabolic channels [3] , leading to sterols, sesquiterpenes, dolichols or farnesylated proteins (Figure 1 ). T h e control of the synthesis of these different isoprenoid classes is still far from being understood. Sterols represent the major end products of this multi-branched pathway. T h e first enzyme committed in the sterol branch is the squalene synthase (SQS), which can be specifically inhibited by squalestatin (SQ; also called zaragozic acid) [4] . Thus, this compound constitutes a good tool to redirect F P P molecules from sterols towards other isoprenoids. It has been shown recently that exogenous farnesol can be utilized for plant isoprenoid biosynthesis after conversion in two steps into F P P [S] . T h e present work deals with effects of SQ on cell proliferation and sterol biosynthesis in tobacco (Nicotiana tabacum I,. cv Bright Yellow; TBY-2) cells. Changes in H M G R and SQS activities were also examined. Finally, TBY-2 cells were fed tritiated trans,trans-farnesol, in the presence and absence of SQ, and analysed for the radioactivity incorporated into sterols and the prenyl side chain of ubiquinone Q,,,.
Effect of SQ on cell growth and sterol biosynthesis
TBY-2 cells, cultivated as previously described [6] , were treated with various concentrations (0-0.5 p M ) of SQ for 24 h, then incubated with [l -'4C]sodium acetate for 2 h before cell harvesting. Cell growth was found to be severely impaired by SQ, as attested by a SO",, decrease in fresh weight induced by a 24 h treatment with 0.5 p M . When given to synchronized TBY-2 cells, SQ triggered a blockage of the cell cycle in late GI, suggesting that de noco sterol synthesis might be essential for cellcycle progression, but no cell death was observed. T h e high efficiency of SQ as an inhibitor of sterol synthesis was also revealed by the strong decrease (97 %) in the total radioactivity recovered in sterols after treatment of cells with only 50 n M SQ. At this concentration, SQS activity, measured as described in [7] , was barely detectable ( Figure  2 ). In contrast, activity of H M G R [S], an enzyme located upstream in the pathway, was found to be greatly stimulated by the SQ treatment. Thus, a 3-fold increase was measured at 75 n M SQ (Figure 2) . Preliminary Northern-blot experiments 
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Incorporation of exogenous farnesol into sterols and ubiquinone Q,,
Three-day-old TBY-2 cells were treated or not with 0.5 ,uM SQ for 24 h, then fed all-trans-[l-3H]farnesol (25 pCi) for 24 h. After freeze drying, cells were analysed for the radioactivity associated with individual free sterols [9] and ubiquinone Qln. Farnesol was found to be highly incorporated into all components of the sterol mixture, which consisted of stigmasterol (31 yo), sitosterol(l.5 yo), 24-methylcholesterol (31 yo) and cholesterol (1 %). Radioactivity was also recovered in the biosynthetic intermediates : 24-methylenecholesterol and isofucosterol, representing 3 1 and 9 n/ o of total sterols, respectively. T h e highest specific radioactivity, expressed in cpm/nmol, was associated with cholesterol. Ubiquinone Qln was isolated from the same extract as sterols and was identified by positive fast atom bombardment (FAB)-MS. It was first purified by T L C , then by reversed-phase HPLC, after addition of cold carrier and detection at 275 nm. A radioactive peak was obtained, indicating that elongation of the prenyl side chain of ubiquinone Q,,, can arise from a C,, isoprenic unit derived from the cytosol, as in mammalian cells [lo] . After treatment of TBY-2 cells with 0.5pM SQ, no increase in the radioactivity of ubiquinone was found, suggesting that this pathway was already saturated under normal conditions. Experiments are currently under way to investigate the isoprenoid branches in which FPP molecules are redirected and at what level such metabolites might be implicated in the feedback control of the multi-branched isoprenoid pathway.
Introduction
Isoprenoids are derived from isopentenyl diphosphate (IPP) and fulfil vital functions in all known organisms. Plants form IPP for the synthesis of their plastidic isoprenoids via the non-mevalonate deoxyxylulose 5-phosphate/methylerythritol 4-phosphate (DOXP/MEP) pathway [l] . DOXP and MEP are the first two intermediates, formed by DOXP synthase (DXS) and DOXP reductoisomerase (DXR), respectively. T h e next three enzymic steps and genes of this isoprenoid pathway have been elucidated recently [2] . T h e DOXP/MEP pathway occurs in plants, bacteria and the malaria parasite, but not in humans.
